ABSTRACT: Previously, GH response to GHRH challenge at weaning has been shown to be indicative of ADG during a standard postweaning growth performance test in Angus cattle. In this study, we tested the hypothesis that GH response to GHRH before weaning would predict postweaning ADG. Bulls with the highest and lowest GH responses to GHRH over a 3-yr period, relative to their contemporaries, were used as sires, to allow for examination of the persistence of GH response to GHRH through selection. The selected calves in this study were sired by one of four Angus bulls chosen based on their GH response to GHRH (high response, n = 2; low response, n = 2). Forty-nine Angus calves (bulls, n = 24; heifers, n = 25) were challenged with GHRH at approximately 60, 105, and 150 d of age and at weaning (219 d; SD = 25). Blood samples were taken immediately prior to and 10 min following an i.v. clearance dose of 4.5 g of GHRH/100 kg BW and, 2 h later, immediately prior to and 10 min following a challenge dose of either 1.5 or 4.5 g of GHRH/100 kg BW. Two hours later, the procedure was repeated, with each calf
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receiving the other challenge dose. Body weight was measured every 28 d and ADG was calculated over a 140-d growth performance test (heifers and bulls maintained separately). Data were log-transformed for statistical analyses. In the selected bulls and heifers, response of GH to 1.5 g of GHRH/100 kg BW at 60 and 105 d of age was positively related (P < 0.05) to postweaning ADG. Response to 4.5 g of GHRH/100 kg BW at 105 d of age and at weaning was positively related (P < 0.01) to postweaning ADG. Inclusion of sire in the analysis improved the relationship between GH response and ADG for calves of sires with high GH responses from R 2 = 0.18 (P = 0.01) to R 2 = 0.33 (P = 0.02). When the GH response to GHRH of the unselected calves at weaning was added to the data from the selected animals and analyzed, the GH response of the bulls was related to postweaning ADG (R 2 = 0.09; P = 0.04). In conclusion, GH response to GHRH as early as 60 d of age is indicative of postweaning ADG in beef cattle. In addition, the relationship between GH response to GHRH and postweaning ADG is improved with selection for greater GH response to GHRH. that are superior for production traits such as growth, reproduction, and milking ability (Patterson et al., 1992) . The ability to distinguish animals for culling at or before weaning could decrease the cost of replacement animals that will be kept until they are at least 1 yr of age.
Physiological characteristics, such as GH response to GHRH, have been shown to be related to superior performance in livestock (Suttie et al., 1991; Zinn et al., 1994) . In particular, higher GH response to GHRH at weaning was related to greater ADG during a 140-d growth performance test and lower body fat in beef bulls (Connor et al., 1999 (Connor et al., , 2000 , as well as lower body fat in beef heifers (Auchtung et al., 2001b) . In addition, mature beef cows with greater GH response to GHRH had higher milk yields (Auchtung et al., 2001a) . Response of GH to GHRH seems to be indicative of superior performance in beef cattle; however, whether the GHRH challenge prior to weaning can predict postweaning growth performance is not known.
The objective of the present study was to examine the relationship between postweaning growth characteristics and GH response to GHRH before weaning. The approach was to challenge beef calves with GHRH at 60, 105, 150, and 205 d, measure their GH response, and evaluate growth performance during a 140-d postweaning growth performance test. In addition, calves in this study were offspring of sires with known high or low GH responses to GHRH, and therefore the effect of selection for GH response to GHRH on its relationship to postweaning growth performance was evaluated.
Materials and Methods

Animals
Forty-nine Angus calves owned by and housed at the University of Maryland Wye Research and Education Center, Queenstown, MD were used for this study. These 49 calves were a subpopulation of the total calf crop for 1999 (bulls, n = 69; heifers, n = 73). Calves were selected for this study if a record was maintained of their sire's GH response to GHRH. Bulls were chosen for use in the matings based on the mean of the GH concentration in response to the two challenge doses of GHRH and labeled as either high or low responders, relative to their contemporaries (Connor et al., 2000) . Of the four sires chosen, two had high GH responses to GHRH and sired 22 of the calves in this study (10 heifers, 12 bulls) and two had low GH responses to GHRH and sired 27 of the calves in this study (15 heifers, 12 bulls).
Prior to weaning, the bull (n = 24) and heifer (n = 25) calves were raised with their dams on either orchardgrass/alfalfa or fescue/red clover pasture. Water and a free-choice mineral mix were available at all times. Calves averaged 65, 107, and 153 d (SD = 9, 8, and 11) of age at the time of the 60-, 105-, and 150-d GHRH challenges, respectively. Heifers weighed 86, 120, and 153 kg (SD = 18, 21, and 25) at the time of the 60-, 105-, and 150-d GHRH challenges, respectively. Bulls weighed 94, 132, and 169 kg (SD = 20, 24, and 30) at the time of the 60-, 105-, and 150-d GHRH challenges, respectively.
After weaning, bulls and heifers were maintained in separate outdoor pens under natural photoperiod. Bulls were fed, free-choice, a total mixed ration of nonprotein N-treated corn silage, whole shelled corn, and a Bovatec-supplemented feedlot mineral at an energy level sufficient to achieve a minimum gain of 1.4 kg/d based on NRC recommendations (NRC, 1996) . Heifers were fed, free-choice, a total mixed ration of alfalfa haylage supplemented with whole shelled corn (1% of average BW) and a Bovatec-supplemented feedlot mineral at an energy level sufficient to gain between 0.68 and 0.91 kg/d. Heifers were given ad libitum access to alfalfa/ orchardgrass hay and all animals had ad libitum access to water. Animals averaged 219 d (SD = 26) of age at the time of the 205-d GHRH challenge. Heifers and bulls weighed an average of 190 kg (SD = 37) and 215 kg (SD = 41), respectively, at the time of the 205-d GHRH challenge.
Due to farm management practices, heifers and bulls were challenged with GHRH at different times. Two weeks prior to the 205-d GHRH challenge (i.e., at weaning), heifers began the 140-d growth test, during which BW was measured every 28 d. Hip height was measured on d 1 and 140 of the test and postweaning ADG was calculated at the end of the test. Heifers were maintained on the test diet for 154 d, at which time ultrasound was performed to evaluate body composition (coincident with d 140 of the bulls' growth test). Initial ultrasound readings were taken at weaning for bulls and heifers. One week after the 205-d GHRH challenge (i.e., 2 wk after weaning), the bulls began the 140-d growth test, during which BW was measured every 28 d. Hip height was measured on d 1 and 140 and postweaning ADG was calculated at the end of the test. Ultrasound readings were taken on d 140 of the bulls' growth test. Ultrasound readings estimated backfat thickness, longissimus muscle area (ribeye area), and percentage of intramuscular fat. Animals were scanned with an Aloka 500V real-time diagnostic ultrasound unit (Aloka USA, Wallingford, CT) as described by Connor et al. (1999) .
GHRH Challenge Before Weaning
The 49 selected calves were challenged in three groups of 9 to 12 animals, grouped by age. During the preweaning GHRH challenge, bull and heifer calves were not separated by sex. The GHRH challenge was a modified version of previous work (Connor et al., 2000; Auchtung et al., 2001b) , condensing 2 d of blood collection into one. Briefly, calves received two i.v. challenge doses (1.5 and 4.5 g /100 kg BW) of a bovine GHRH (1-30) analog (Pharmacia & Upjohn, Kalamazoo, MI) in a randomized crossover design. The GHRH was brought to a final concentration of 5 g/mL in 0.9% physiological saline with 0.1% BSA. Blood (10 mL) was collected into sterile Vacutainer serum tubes (Becton Dickinson and Co., Franklin Lakes, NJ) from the jugular vein of calves restrained individually in a squeeze chute.
On each day of GHRH challenge (d 60, 105, or 150), a baseline sample of blood was collected and immediately followed by an i.v. injection of a 4.5 g/100 kg BW clearance dose of GHRH. A second blood sample was collected 10 min after the GHRH injection. Two hours later, a baseline sample of blood was again collected from all animals, immediately followed by a challenge dose of either 1.5 or 4.5 g GHRH/100 kg BW. All animals received both challenge doses and dose order was randomly assigned to animals. Ten minutes after the challenge dose, a blood sample was collected. Two hours after the injection of the challenge dose, the procedure was repeated. Calves were kept separated from their dams during the first set of clearance and challenge injections and blood samples. Calves were returned to their dams to nurse for the 2 h between the first and second sets of the GHRH challenge procedure.
GHRH Challenge at Weaning
The GHRH challenge procedure at weaning (205 d of age) was performed as described by Connor et al. (2000) for bulls and Auchtung et al. (2001b) for heifers. The entire calf crop from 1999 (n = 142, including 49 calves challenged at 60, 105, and 150 d of age) was challenged with GHRH at weaning. On all days, the clearance dose (4.5 g of GHRH/100 kg BW) was administered between 0730 and 0930 and the challenge dose (1.5 or 4.5 g of GHRH/100 kg BW) was administered between 1030 and 1230. All animals were not fed for 12 h before GHRH administration. Animal procedures were approved by the University of Maryland Animal Care and Use Committee.
Growth Hormone Assays
Blood samples were stored at room temperature for 2 to 4 h and then at 4°C for up to 24 h. Serum was obtained from whole blood after centrifugation (1,850 × g, 20 min, 4°C) and stored at −20°C until it was assayed for GH. Serum GH concentrations were determined by RIA (Connor et al., 1999) . Mean GH concentrations of the low, medium, and high pools of control serum were 1.5, 12.1, and 45.1 ng/mL, respectively. Mean intraassay coefficients of variation (nine assays) for control pools of serum at low, medium, and high GH concentrations were 7.7, 6.7, and 9.2%, respectively. Mean interassay coefficients of variation for control pools of serum at low, medium, and high GH concentrations were 11.5, 13.5, and 15.5%, respectively. Assay sensitivity averaged 0.86 ng/mL.
Statistical Analyses
Statistical analyses were performed using the SAS System v. 6.12 (SAS Inst. Inc., Cary, NC) and the theories and rationale of Gill (1978) and Sokal and Rohlf (1987) . The GLM procedure of SAS was used to determine the existence of a sex × treatment interaction. The model included ADG as the dependent variable and GH response (GH concentrations in response to injection of GHRH) and sex as the independent variables. To satisfy the assumption of normal distribution of data, GH concentrations were log-transformed. After log transformation, the sex × treatment interaction was significant for the 1.5 g /100 kg BW dose of GHRH at 105 d of age and for both doses at 150 d of age. Therefore, regression analysis was performed on data that included both sexes at all ages except the 1.5 g /100 kg BW dose of GHRH at 105 d of age and at 150 d of age, which were separated by sex prior to regression analysis. Linear regression was used to determine the relationships between GH response to 1.5 and 4.5 g of GHRH/100 kg BW and ADG, hip height and estimated body composition measurements. Baseline GH concentration was evaluated as a covariate in each model involving GH response to GHRH, due to the effect of endogenous GH status on GH response at the time of the GHRH challenge (Løvendahl et al., 1991; Connor et al., 2000) . However, inclusion of baseline concentrations of GH did not affect the relationship between ADG, hip height, or body composition at any age and therefore were removed from the analyses.
Repeated measures analysis (PROC MIXED) was used to distinguish changes in GH response to GHRH over time. Age, sex, order of dose, dose, and their interactions were included as the fixed sources of variation. The covariance structure was sp (pow) (time). Neither sex, order of dose, nor any of the interactions significantly affected the results of the repeated measures analysis.
In analyses comparing the relationship of GH response to GHRH at weaning with postweaning ADG in selected vs unselected calves, the GLM procedure of SAS was used to determine whether the sires' GH response to GHRH (high or low) had a significant effect on the results. Sire response had a significant effect on the relationship between GH response to GHRH and postweaning ADG, and therefore regression analyses were performed with data separated by sire response (high or low). 
Results
General
GH Response to GHRH is Related to Postweaning ADG but Not Body Composition
Mean concentrations of GH before and after injection of GHRH for the selected calves at 60, 105, and 150 d of age are presented in Table 1 and for calves selected based on their sires' GH response and unselected calves at weaning in Table 2 . A decrease in preweaning GH response to both doses of GHRH was observed over time (P < 0.05); however, GH response to 4.5 g of GHRH/ 100 kg BW at weaning did not differ from the GH responses at 60 d of age. Of interest, the baseline concentration of GH was lower at weaning, following the pattern of decreasing GH concentration with age. Geometric means from data that were log-transformed.
b Back-transformed 95% confidence limit using log data. e ND = less than the detectable limit.
x,y,z
Means within a dose with the same letter are not significantly different (P < 0.05) as determined with ANOVA.
Response of GH to GHRH was significantly related to postweaning ADG at several of the ages tested. As early as 60 d of age, GH response to 1.5 g of GHRH/ 100 kg BW was positively related to postweaning ADG (R 2 = 0.27; P = 0.01; Figure 1 ). The standard deviation of the observations about the regression line was 0.25 Geometric means from data that were log-transformed b Back-transformed 95% confidence limit using log data. Growth hormone response at 150 d of age was not related to postweaning ADG for either challenge dose of GHRH. Response of GH to the 4.5 g/100 kg BW dose of GHRH at 60 d of age was not related to postweaning ADG, nor was the GH response to the 1.5 g/100 kg BW dose of GHRH at weaning related to postweaning ADG. At none of the ages tested was GH response to GHRH related to body composition characteristics or hip height, before or after the 140-d growth test.
Relationship of GH Response to GHRH with ADG is Improved Through Selection
The data presented in Table 2 reflect significant differences between GH response to both the 1.5 and 4.5 g/100 kg BW doses of GHRH in selected vs unselected calves. When the GH response to GHRH at weaning for the entire population of calves was related to postweaning ADG, no relationship was observed for either challenge dose of GHRH (1.5 g/100 kg BW: R 2 = 0.001; P = 0.36; 4.5 g/100 kg BW: R 2 = 0.01; P = 0.08). However, when the sexes were analyzed separately, the relationship between the 4.5 g/100 kg BW dose of GHRH and postweaning ADG was significant for bulls (R 2 = 0.09; P = 0.04). Analysis of only the selected calves revealed an improved relationship between GH response and ADG for both doses, significant for the 4.5 g/100 kg BW dose of GHRH (R 2 = 0.18; P = 0.01) but not significant for the 1.5 g/100 kg BW dose of GHRH (R 2 = 0.01; P = 0.29). Analysis of the data from the selected calves, separated by the GH response category of their sires, revealed a further improvement of the relationship between the GH response to 4.5 g of GHRH/100 kg BW at weaning and postweaning ADG. Calves of sires with high GH response to GHRH had an R 2 = 0.33 (P = 0.02), but the relationship of GH response to GHRH with ADG in calves of sires with low GH response to GHRH was diminished (R 2 = 0.05; P = 0.19). There was no further improvement of the relationship of GH response to the 1.5 g/100 kg BW dose of GHRH and postweaning ADG.
Discussion
Previously, GH response to GHRH at weaning was observed to be positively related to postweaning ADG in beef bulls (Connor et al., 1999 (Connor et al., , 2000 and tended to have a slight inverse relationship with postweaning ADG in beef heifers (Auchtung et al., 2001b) . In the present study, GH response to GHRH as early as 60 d of age, in beef calves of both sexes, was positively related to postweaning ADG. However, no relationship was seen between GH response to GHRH and body composition characteristics or hip height. The lack of relationship with intramuscular fat percentage, as compared to the inverse relationship observed in previous studies (Connor et al., 1999; Auchtung et al., 2001b) , is likely due to body composition differences between the sexes. Analyzing the data separately by sex (data not shown), the results have a strong tendency to agree with the previous studies. Additional research is needed to determine the usefulness of GH response to GHRH in assessing body composition.
In the present study, the GH response to GHRH of heifer calves was positively related to their postweaning ADG. This is in contrast to the slight inverse relationship previously observed between GH response to GHRH in heifers at weaning and their postweaning ADG (Auchtung et al., 2001b) . In the earlier study, it was thought that the limited GH response of the heifers to the GHRH was due to their lower intake, a result of common management practices used to avoid problems with future reproductive and lactational performance. The heifer calves in the present study, however, were essentially being fed for ad libitum intake at the time they were challenged with GHRH (i.e. they were kept with their dams on pasture). Thus, differences in amount and composition of intake may be factors in assessment of response to GHRH (Moseley et al., 1988) .
Response of GH to GHRH at most of the ages tested was related to postweaning ADG; however, no relationship was found with the challenges at 150 d of age. One technical limitation that may explain this lack of relationship is a decrease in viability of the GHRH. In an attempt to reduce possible variation caused by preparation of the GHRH solution, the stock solution of GHRH was not prepared fresh prior to each challenge. Therefore, the freeze/thaw process may have reduced the activity of the GHRH. However, the calves responded to the GHRH similarly at 150 d of age compared to other ages, and therefore reduced activity of GHRH is not likely the reason for the lack of relationship.
A more plausible explanation relates to the reversal of the relationship between GH response to the two challenge doses of GHRH and ADG over time. Although the fulcrum seems to be around 105 d of age, GH responsiveness to GHRH may be more highly variable at 150 d of age. Although variability among animals is desirable to distinguish superior animals, within-animal variation detracts from the repeatability of the GHRH challenge. The reversal of the relationship with ADG between the two challenge doses of GHRH as the animals aged is not surprising. Previous studies have found that circulating concentrations of GH decline with age, as does response of GH to a secretagogue, such as GHRH (Plouzek and Trenkle, 1991; Lapierre et al., 1992) . Results from the present study concur with those findings. Additionally, there was a sex × treatment interaction at 150 d of age, which may have contributed to the lack of relationship with ADG. Therefore, at 150 d of age, variability in GH response to GHRH may be magnified between sexes, which would eliminate the ability to detect differences in relationship to ADG.
It is also important to consider that, at 150 d of age, composition of nutrient intake among beef calves is likely quite variable. A portion of the calves may have been less dependent on their dams at the time of the 150-d GHRH challenge. This could have affected their GH response to GHRH (Moseley et al., 1988) . At younger ages (i.e., 60 and 105 d of age), and again at weaning, diets would have been more consistent among animals, thus eliminating another potential variable in GH responsiveness. Løvendahl et al. (1994) reported GH response to GHRH to be highly inherited in dairy calves. In the present study, use of sires with high GH response to GHRH seemed to improve the relationship between GH response to GHRH at weaning and postweaning ADG in their offspring, compared with their contemporaries. These results suggest that GH response to GHRH may be heritable in beef cattle as well, and that the GHRH challenge holds potential as a method to select animals with improved performance. Indeed, dairy calves selected for increased predicted total milk yield had higher GH response to GHRH than calves selected for lower predicted total milk yield (Løvendahl et al., 1991) . In addition, dairy calves selected for high milk fat production had higher GH response to TRH than calves selected for low milk fat production (Løvendahl and Sejrsen, 1993) .
In conclusion, GH response to GHRH, as early as 60 d of age, can predict postweaning ADG in beef cattle. Use of bulls that have a high GH response to GHRH results in an improvement of the relationship between GH response to GHRH at weaning and postweaning ADG. Response of GH to GHRH at weaning has provided insight into the growth performance of bulls but offered little information regarding growth performance of heifers. However, preweaning GH response to GHRH seems to be useful in identification of growth performance in both bulls and heifers. Whether GH response to GHRH prior to or at weaning relates to other important traits, such as milk production, has yet to be determined.
Implications
Growth hormone response to growth hormone-releasing hormone in beef calves as early as 2 mo of age can predict the calves' subsequent postweaning average daily gain. Selection of sires for high growth hormone response to growth hormone releasing-hormone may result in an improved average daily gain in their progeny. This study provides further evidence for the potential of implementing the growth hormone-releasing hormone challenge in selection programs in beef cattle.
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